Chemistry 11 Unit 1 - Reaction Kinetics
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Worksheet 1-3 - Reaction Mechanisms

1. Itis known that compounds called chlorofluorocarbons (C.F.C.s) (eg. CFCl3) will
break up in the presence of ultraviolet radiation, such as found in the upper atmosphere,

forming single chlorine atoms:
CFCl; 2 CFCl; + Cl

The CI atoms then react with Ozone (O3) as outlined in the following mechanism,

Step I: @+ 0; -)@4-02

1) . N s Sri\. A - s mmw - [ T - . .
&uﬂ* WE. W U2 (singie 1) aioms ocour naiuraily m 1ne amaspinre. j

N

[
Step

a) Write the equation for the overall reaction. (Using steps 1 and 2)

03 'f'O — 207_,

b) What is the catalyst in this reaction? C ‘
g <, X : 1N
¢) Identify an intermediate in this reaction YAV

d) Explain how a smal/f amount of chlorofluoracarbons can destroy a farge amount of

ot When a Cl atom des*l'roqs an O3 mokecule
(Step1) , it is regenevated /s4epz) s it:Can destroy

[ more”

¢) What breaks the bond in the CFCl; and releases the free Cl atom?

a. photon (hv) of ulrg iolet radiation
2. Given the following mechanism, answer the questions below:
Stepl: 03 +(NO) > NO)+ 02 (slow)
Step 2: + o 2 @+ 0, (fast)

a) Give the equation for the overall reaction.

03 + (0 ‘—>202..

b) What could the catalyst be in this mechanism? N 0

¢) What is an intermediate in this mechanism? N 0 7
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d) Given that the uncatalyzed overall reaction is a slow exothermic reaction, draw a
potential energy gmph which shows the possible shape of the curve for the
uncatalyzed  reaction. On the same graph, show a possible curve for the catalyzed
reaction.

Potential
Energy
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Progress of Reaction
3. Consider the following mechanism:
Stepl:  H0; +(F) 3 H0 +@ {slow)
Step2:  Hy0; + (10) 3 H:0 + 05 +(F) (—Fas‘t)
a) Give the equation for the overall reaction.

;“-LQ; — AH0 + 02

b) What acts as a catalyst in this mechanism? I

¢) What acts as an infermediate in this mechanism? IO

4. What is meant by the rare dacrmlnlng step in a reaction mechanism? "‘H'LL

slowest skp. (Step 1)
5. What is meant by a reaction mechantrm" AMCQQ&[M)_Q’L

5(cmtn'farg proceSSGS{.STepsl Dy L(/hld? Q:irx. hkﬁiﬁm
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6. How are reaction mechanisms determined? Y250 V'CL\ W.I‘H‘\ m.fe/

S"ud(e.s-fookt;\g for edence of irtermediafes ete. .

7. Given the following Potential Energy Diagram for a 3 step reaction, answer the questions

below it;
POTENTIAI > :
uncatabized reaction

ENERGY

PRCGRESS OF REACTION

a) Which arrow indicates the activation energy for the first step of the reverse reaction?

b) Which arrow indicates the activation energy for the first step of the forward reaction?

i

¢) Which arrow indicates the activation energy for the second step of the forward reaction?

d) Which arrow indicates the enthalpy change (AR) or "enthalpy change" for the overall
forward reaction? é

¢) Which arrow indicates the enthalpy change (AH) or “enthalpy change” for the overall
reverse reaction? é
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f) Which arrow indicates the activation energy for the overall forward reaction?

3

g) Which step would be the rate determining step in the forward reaction? 5"22 2
h) In a dashed line or another colour sketch a possible curve that would represent the route
for the uncatalyzed overall reaction. Label this on the graph.
8. Given the reaction:
dHBr + 0; 2 2H;0 + 2Br;
a) Would you expect this reaction to take place in a single step? no

Why or why not? 5 pa/+ |de-5 |.n (% d'a nts ~Sfm& l)!q;v

b) This reaction is thought to take place by means of the following mechanism:

Stepl: HBr + 0 - HOOBr (slow)
Step2: HBr + HOOBr - 2HOBr (fast)
Step3: 2HBr + 2HOBr - 2H;0 + 2Br; (fast)
¢) Identify the two intermediates HOOBr $ HOBv
d) A catalyst is discovered which increases the rate of Step 3. How will this affect the rate
of the overall reaction? no effect
Explain your answer. o m + Speed U + S®p
(RDS) in order 10 speed up +he overall veactiow
¢) A catalyst is discovered which increases the rate of Step /. How will this affect the rate
of the overall reaction? rt WI.” Ith’ea,ﬂ)/ "H\e/ Va'{'e/
Explain your answer. When cu,_SpCQL! up +he s 'Gweé'f S+€,P
(RDs), the whole process (overall rx.) speeds up.
f) Which step has the greatest acrivation energy” S+€p 1
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g) How many "bumps" will the potential energy diagram for the n':laction mechanism have?

.

h) Which step is called the rate determining step in this mechanism? szto 1

1) In order to have successful collisions, the colliding particles must have both the proper
amount of energy and the proper CO“lSIOn QCOM(’:'-V‘:Y

J) On the set of axes below, draw the shape of the curve you might expect for the reaction

in this question. The overall reaction is gxothermic! Make sure you get the “bumps" the
corrcct relative sizes,

R

AH

Progress of Reaction
9. The equation for an overall reaction is:

I+ OCF 2 100 + Cr
a) The following is a proposed mechanism for this reaction. One of the specics has been left

out. Determine what that species is and write it in the box. Make sure the charge is
correct if it has one!

Stepl: OCF + 2> @ + @ ( fast)
Step2: F . . Cr (slow)
sep3: Goi) + (0 » |10} @0 (fast)

b) Which spoclcs:nl;") the mecch!mlsm abo:vl'.coa;ts';sgc!'ambuf’ H:LO

¢) Which three species in the mechanism above arc intermediates? HML; OH—: TOH

d) Step :L is the rate determining step.
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¢) On the sct of axes below, draw the shape of the curve you might expect for the

reaction in this question. The overall reaction is gndothermic! Make sure you get the
"bumps” the correct relative sizes.

Potential
Energy

Progress of Reaction

10.  Given the following steps for a mechanism:

Stepl: Br; 2 (fast)

Step2 m@f/ ¥ g =2 BrOoCl + {C1 ("ﬁw;

a) Write the cquation for the overall reaction.

Br, + OCl. —2 BrOCl + Br(l

b) A substance is added that decreases the activation energy for step 1. Will this speed

up, slow down, or have no effect on the rate of the overall reaction? 10 € '('I[e d

Give a reason for your answer. S‘iﬁp s HO+ 'H‘\-@ RDS
¢) Is there a catalyst in this mechanism? no . If so, what is it?

d) Is there an intermediate in this mechanism? 36 = lfso. what is it? Br § CL
¢) Which step is the rate determining step? S+€ p 75
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11, The following potential energy diagram refers 1o a very slow one-step reaction of ozone
(O3) and oxygen atoms in the upper atmosphere,

250

A
N T

PE (kJ) \
100 -
-

50 —————

Progress of Reaction

On the axis below, draw a potential energy diagram which could represent the catalyzed
mechanism for the reaction:

Stepl: O3 + NO 2 NO; + 0; (slow)

Step2: NO; + O 2 NO + 0; (fast)

S
o \/\\

Progress of Reaction
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12, A certain chemical can provide a reaction with an alternate mechanism having a greater
activation cnergy. What will ha to the rate of the reaction when this chemical is added?
noe Cha n9e.

Explain your answer. 'sz L eﬁC‘{'l ore Wi I f CD’H‘M%‘I’O ”Ukw Db(z,
following Hhe original f lower Ea) mechanism.

13. The following overall reacfion is fast at room temperature:

H*+ F + H0; 2 H0 + HOI
A student proposes the following two-stcp mechanism for the above reaction:

re I3 = S .'l\ < P |

Stepl: H® + HY + y > HOP* Q’OW
Step2: HOP*+ I' 2 H0 + HOI + H*
Would you agree or disagree with this proposed mechanism? d I SQ‘C}' ree-
Explain your answer S‘f'Q'P [ involues a Collision Of %) 'Dafltlé/&S
O Ty Ky W W Vet [l et Py | e Aury ¥ IRty YRl L T L) %
wnicn Wowlo De Slow. Ineré&foreme oveval| rX. (Loda hot betusT
, i , as 15 observed ¥
14.  Consider the following reaction:
CO + NO; 2 CO; + NO
a) The first step in each of two proposed reaction mechanisms for the above reaction is
listed below. If each proposed reaction mechanism consists of only rwo steps, determine

the second step for each mechanism.
Proposed Mcchanism One:

SteL_@ /2N002 > Ng +C go (slow)
Step 2 +NO> = WO+ 2- (fast)
8 O+ 0O, + NO

(z)vo, (fast)

Step 1:
Step 2: Q;@ +A)O (slow)
O+ + Afo

b) Experimental data show thal the rate of reaction is ot affected by a change in the

[CO]. Which of these two mechanisms would be consistent with these data? 1

Explain your answer, In mech 2, Co Isa readan'fm'ﬁ\& RDS

EM}C;/%:AI ;(:0_,' m,.(),l Srn A HD C-)?.yd- qy.l.l_‘l.l.w Ovm.r” ./\,(

Thmech- 1,00 s no*f a reactant in+he RDS,Sono effecl
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